Since its inception in the early 1950s by Edler and Hertz, echocardiography has developed from simple amplitude (A) and brightness (B) modes, through motion (M) mode, to the present day real-time 2D and 3D imaging modalities. Its role has extended beyond cardiology into the operating theatres, as a perioperative monitor, and into the realm of critical care and emergency medicine.
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Physics of echocardiography
Ultrasound waves are formed when a voltage is applied across a substance with piezo-electric properties. Echocardiography transducers are commonly made from lead-zirconate-titanate-5 (PZT-5). The electric impulses are delivered to the transducer in various patterns to create pulses of ultrasound. Some of this acoustic energy is reflected back to the transducer, which is received by the PZT-5 crystal and is converted back into electrical energy. This signal is then processed and displayed on a monitor.
The frequency used by the transducer affects both the resolution of the image obtained and the penetration of the ultrasound beam into the body. Transthoracic echocardiography (TTE) employs low-frequency transducers (2-4 MHz), which allows better penetration of the acoustic energy through the chest wall, but at the cost of reduced longitudinal resolution. Transoesophageal echocardiography (TOE) does not require such penetration and so uses higher frequency transducers (3.5-7 MHz) to produce better resolution imaging.
Training and accreditation
Echocardiography is a tool that requires skill both to perform and to interpret. In the UK, the accreditation process requires the candidate to pass a written examination and submit a logbook within a 2 yr period. The written examination is composed of theoretical multiple choice questions and a practical interpretation of echocardiographic images. The minimum number of echocardiographic examinations over a continuous 24 month period is 125 for perioperative TOE and 250 for TTE accreditation (information available at www.bsecho.org/). Accreditation or certification is not compulsory but is highly recommended by professional bodies.
More recently, a number of centres have been organizing critical care and emergency medicine echocardiography courses. These are designed to train personnel to perform abbreviated, but focused, echocardiography with the aim of a quick diagnosis in an unstable patient. Some research has shown that 'novice' echocardiographers can be trained to a standard for clinical use after a limited number of practice studies. Table 2 .
Impact of echocardiography
The use of echocardiography on the ICU is increasing. Using an abbreviated focus assessed protocol, TTE has been shown to contribute positively to patient care in 97% of critically ill patients. 6 TTE has the advantage of being noninvasive, but poor picture quality can render image interpretation difficult. Positive pressure
Key points
Echocardiography is a useful tool for rapid diagnosis of cardiovascular instability.
Echocardiography should be interpreted by appropriately trained personnel. ventilation, high levels of positive end-expiratory pressure, intrathoracic surgery, or chest trauma all present challenges to adequate image acquisition using the transthoracic approach. This means that TOE is frequently more useful in the ICU setting, and is the first line echocardiographic examination whenever a patient has an endotracheal tube in situ. Although it is classified as a semiinvasive procedure, the safety profile of TOE has been well documented, 7 the incidence of oesophageal perforation is estimated at 1 in 5000, and mortality 1 in 10 000.
Preload assessment
One of the most commonly observed findings in the haemodynamically unstable patient is hypovolaemia. Short axis images of the left ventricle (LV) provide real-time assessment of ventricular filling, which may not be accurately reflected by the pulmonary capillary wedge pressure. 8 Visualization of LV end-diastolic (LVED) and end-systolic (LVES) areas provide a rapid estimation of intracardiac volume status. Hypovolaemic patients usually have a hyperdynamic LV with a reduced end-diastolic volume and 'kissing' papillary muscles in systole, indicating an increased ejection fraction with an empty ventricle at end-systole. This can easily be displayed by utilizing M mode imaging (Fig. 1) . Septic patients tend to have a reduced afterload, which is usually demonstrated by a normal LVED area, but a reduced LVES area. Patients with chronic cardiac failure have a dilated LV and may be hypovolaemic even with a higher LVED area.
Myocardial function
Global LV systolic function may be assessed by viewing the contractility and thickening of the myocardium during systole. In a normovolaemic patient, measurement of LVED and LVES areas can be used to estimate ejection fraction. The use of TOE in an ICU setting has been shown to provide better information on myocardial function than the use of pulmonary artery catheter-derived indices. 8 Echocardiography also allows for the identification of regional wall motion abnormalities (RWMA). This is a more sensitive marker of myocardial ischaemia than ECG changes and may aid decision-making when considering insertion of an intra-aortic balloon pump, coronary angiography, or proceeding to revascularization. The assessment of LV diastolic dysfunction is complex and beyond the scope of this article. Evaluation of the right ventricle (RV) is also essential, as tricuspid regurgitation, RV overload (greatly increased size), limited tricuspid descent, and poor RV wall contraction may indicate right-sided heart failure. RV dilatation is often associated with LV underfilling and poor cardiac output.
Cardiac tamponade
Frank cardiac tamponade is a clinical diagnosis and prompt return to theatre and pericardial evacuation should not be delayed by investigations. However, echocardiography may aid in the diagnosis in combination with clinical signs where the picture is less clear. 9 The classical picture shows compressed cardiac chambers surrounded by a pericardial fluid collection (Fig. 2) , typically with RV diastolic collapse. However, this is not often seen, more frequently, a pericardial collection will be demonstrated, and the amount of blood estimated by measuring the diameter of the collection. A diameter of .1 cm is often said to be significant, but this may not accurately reflect pressure within the pericardial compartment, which is more important clinically.
Thromboembolic disease
Pulmonary angiography remains the gold standard for diagnosis of pulmonary embolism (PE). Other available imaging modalities include ventilation -perfusion scanning, spiral computed tomography (CT), and magnetic resonance imaging (MRI) angiography. Although echocardiography has a low sensitivity for the detection of PE, it may be useful in the unstable patient, unfit for transfer to a radiological environment. Very occasionally, a thrombus may be visualized in the right atrium, traversing through the RV or in the proximal pulmonary arteries. However, 80% of patients with shock and PE will have signs of RV strain, 9 such as dilatation and dysfunction. Visualization of thrombus within the left atrial appendage may elucidate the source of systemic emboli and may precipitate patient anticoagulation.
Valvular disease
The use of TOE in cardiac surgery for assessment of cardiac valve function is well established. In the unstable postoperative cardiac patient, TOE allows evaluation of a valve repair or assessment of a valve replacement for malfunction or paravalvular leak. TTE can detect vegetations but the superior resolution of TOE makes it better suited for this in patients with suspected endocarditis. Vegetations typically lie on the atrial side of mitral and tricuspid valves, and on the ventricular side of aortic (Fig. 3) and pulmonary valves.
Left ventricular outflow obstruction
Systolic anterior motion (SAM) of the mitral valve usually occurs when there is a combination of hypovolaemia, LV hypertrophy with increased myocardial contractility, and vasodilatation. In this setting, the increase in velocity of blood flow through the LV outflow tract (LVOT), coupled with a shortened systolic time, draws the anterior mitral valve leaflet into the LVOT. This dynamic obstruction can result in cardiovascular collapse and prompt diagnosis with echocardiography is essential to implement the correct management. Treatment includes i.v. fluids, vasopressors, and b-blockade.
Aortic dissection
With the advent of modern scanners, CT with contrast has become the gold standard for diagnosing acute aortic dissection; however, the role of TOE is expanding. TOE is able to rapidly assess complications such as aortic valve incompetence, pericardial collection, and coronary artery involvement represented by RWMAs. In 
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some centres, it is now routine for patients with suspected acute aortic dissection to be transferred directly to the operating theatre, where TOE is performed as the initial investigation of choice.
Trauma
Thoracic injuries account for almost one quarter of deaths due to trauma. A rapid, focused assessment with echocardiography can detect pericardial collection, myocardial contusion, mediastinal haematomas, aortic intramural haematomas, aortic dissection or transection, and pleural collections (Fig. 4) .
Other pathologies
Interatrial septal defects, including patent foramen ovale, interventricular septal defects, pleural effusions, mobile atheroma in the aorta, and occasionally hepatic pathology may all be detected using echocardiography.
